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Abstract: Traditional regional economies are bound to change. The finiteness of natural 
resources, overexploitation of soils, dependency on fossil fuels, and climate change demand a 
rapid, innovative, and sustainable approach to foster the interests of current and future 
generations. One of the core challenges concerns bio-energy. Switching to bio-energy is a 
major issue in lowering CO2 emissions, and can be viewed as a step in the right direction 
towards achieving a bio-based economy and sustainable development in the long run. The 
province of Overijssel, a Dutch subnational administrative authority, aims to achieve large-
scale uptake of bio-energy within its jurisdictional area. In its climate policy program bio-
energy accounts for 60% of the CO2 emission reduction needed to achieve its goals.  The 
chances that the goal will be achieved are high as the precondition for doing so are relatively 
good in the Overijssel area: it has a high biomass potential, there is an adequate energy 
infrastructure, and the region is not densely populated. Two questions are central to this paper. 
First, what is the bio-energy ambition and governance approach in Overijssel? And second, 
what are the bio-energy governance challenges in Overijssel? 
 
Keywords: bio-energy, governance, regional economy, bio based economy. renewable 
energy. 
 
 
1. Introduction 
 
Since renewable energy emerged in the 1970s, public support for renewable technologies has 
concentrated at the national and supranational level. More recently, subnational tiers of 
government independently started developing their own renewable energy policies. 
Subnational tiers of government, like provinces and municipalities, always had an 
engagement with renewable energy policy, but basically as the providers of licenses and 
permits for new projects.  In the context of climate change mitigation and sustainable 
development policies, subnational tiers of government developed their own, independent 
renewable energy ambitions and policies, besides their formal involvement as permitting 
authorityi. One of the indicators of a closer subnational engagement with renewable energy is 
the many organized local and regional initiatives in the European Union, in which regions in 
the EU are engaging with several issues and topics, such as climate neutrality, renewable 
energy, and energy efficiency. This trend is also visible in the Netherlands: provinces and 
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municipalities have organized under several labels, reflecting a focus on and engagement with 
climate change mitigation themes and strategies. Recently, quite a number of Dutch 
municipalities and provinces have formulated their own very ambitious CO2 emission 
reduction targets, and have increased the installed capacities of renewable energy systems. In 
many parts of the country these ambitions have been followed by specific programs and 
actions designed to reduce CO2 emissions. In other words, the subnational tiers of governance 
have developed their own, stronger policy framework to support renewable energy, with 
programs and activities adding to the learning curve of renewable technologies (they are not 
so much concerned with developing new technologies). What they are doing is more diffusion 
support than innovation support, and more accelerating the learning curve than initiating a 
learning curve. From the perspective of the Schumpeterian innovation chain (Schumpeter, 
1934), the support activities at the subnational level are therefore very important.  
 
In this paper we concentrate on subnational involvement in renewable energy by presenting 
the case of the Dutch province of Overijssel. The province of Overijssel, a geographical 
administrative entity, is one of twelve Dutch provinces, and is located in the eastern part of 
the country. The province has an ambitious renewable energy policy which concentrates on 
bio-energy. More specifically, the paper answers the following questions:   
 
1. What is the bio-energy ambition and governance approach in Overijssel? 
2. What are the bio-energy governance challenges in Overijssel? 
 
We answer these questions in the following way. In the next section the paper briefly 
introduces the provincial outlook. Section 3 then analyzes the governance approach to 
renewables in the province. Sections 4 and 5 discuss governance challenges on the production 
and consumption side of the provincial energy spectrum. The paper ends with a concluding 
section summarizing the major findings.  
 
 
2. Socio-economic outlook of the region of Overijssel 
 
The focal area of this paper is Overijssel, one of the 12 Dutch provinces, which are layer of 
governance between the national and the municipal level.  Geographically, the area is located 
in the eastern part of the country, sharing part of the national border with Germany (with 
Bundesländer North Rhine Westphalia and Lower Saxony). It has an area of 3,421 km2 with 
some 1.3 million residents (approximately 8 % of the total Dutch population). Almost half the 
population lives in a few urbanized areas, with the rest living in in small cities and villages 
scattered throughout the rural area. The province has a rather rural outlook, with tourism and 
agriculture as two major branding features. The landscape is quite pleasant in its rural and 
natural aspects, ranging from forest areas to unique wetland areas. The area’s ‘green 
character’ is promoted by the provincial authority in combination with vital and innovative 
economic activitiesii. Service industries - both commercial and non-commercial - dominate 
the province’s economic activity, followed by SME industry and agriculture. Services and 
industries are concentrated in a few urban areas, one of which (near the city of Enschede) 
houses a technical university with a business and science park. The university has delivered 
quite a number of spin-offs, especially in the fields of chemical technology and 
nanotechnology. The urban areas within the province look like urban islands in the green 
countryside (see figure 1). This typical feature of the provincial landscape is taken as 
important framing condition for transforming the provincial energy sector into a renewable-
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based one. Ambitions are high (see next section) and the physical and financial prospects are 
considered good. 
 
Figure 1: Map of the Overijssel provincial jurisdictioniii. 
 
 
 
The greenness of the province has led to a clear decision to concentrate on bio-energy in 
developing the province’s renewable energy portfolio. This provincial renewable energy 
policy has clear goals and instruments and, more importantly, the province also provides 
substantial financial support. The funding became available from the sale of shares in the 
public energy utility. In addition to the national financial support for renewable energy 
production, the province therefore provides substantial financial support to renewable energy 
initiatives in the area. The prospects for transforming the fossil-based provincial energy sector 
into a bio-based sector are good. The area holds quite a large reserve of biomass, which is still 
only partly harvested; some strong companies are currently converting the biomass; scientific 
research on conversion technology is ongoing and promising; and energy demand is not that 
complicated and – theoretically – could relatively easily adapt to bio-energy. Last but not 
least, the provincial authority leads the transformation process with strong ambitions and 
supportive policies. This is explained in more detail in the next section.  
 
 
3. Governance of bio-energy in Overijssel 
The provincial government has a particular function in the Dutch multilevel governance 
system. Within a given geographical area the provincial jurisdiction covers the domains of 
environmental policy, urban and rural planning policy and nature conservation. The province 
has a coordinating responsibility vis-à-vis the municipalities in the provincial area. Due to its 
status as an intermediate layer of governance, the province governs its populace with a 
specific set of instruments. Some of the ways to influence target groups on environmental 
energy issues include: fostering sustainable development and markets (sustainable production, 
distribution and consumption), creating suitable planning preconditions, provision of financial 
support, and use of expertise to facilitate and support municipalities and other actors in the 
province, the provision of information, and granting environmental permits.  
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In this regard, the provincial government’s role can be understood as being a ‘stimulator’, an 
‘initiator’, or a ‘facilitator’. Using these terms, the governance style of the province of 
Overijssel may be typified as a post-hierarchical-traditional governmental approach. It may 
also be defined in terms of ‘managing complex networks’ (Kickert et al., 2007) in the realm 
of multi-level governance in energy-related issues (Arentsen, 2008), as the province tries to 
influence the rules of decision-making games -- in which multiple interdependent actors with 
different motivations, interests and resources try to exercise power – towards achieving 
greater adoption rates of (for instance) renewable energy technologies among its target group 
members.            
From 2008 on, the Province of Overijssel has been implementing a policy program to achieve 
substantial CO2 emission reduction. The program is called “Energiepact” (Provincie 
Overijssel, 2008). Within the program bio-energy has been chosen as the core renewable 
energy option. Bio-energy was therefore the focus of a separate subprogram 
(‘Deelprogramma Bio-energie’). In 2009 and 2011 this subprogram was updated in order to 
speed up goal achievement in the bio-energy domainiv. The highlights of the Energiepact 
program, its bio-energy subprogram, and its updates are explained in more detail in the next 
sections. 
3.1. Goals of the ‘Energiepact’ program  
With a target date of 2050 the province of Overijssel aims to achieve a reduction in CO2 
emissions of 80 %. At the same time, an ‘energy transition’ must have been achieved 
(Provincie Overijssel, 2008). In the short run the province of Overijssel has committed itself 
to achieving the EU emission reduction goal of 30 % by 2017v (compared to the 1990 
emission level). In committing itself to this figure, the provincial government has adopted a 
more active stance than the Dutch national government. Multiple renewable energy 
technologies, especially those related to bio-energy, are considered part of the policy 
approach. Besides the goals mentioned, Overijssel aims to achieve a 20 % share of renewable 
energy sources in its energy mix. In total, the province of Overijssel wants to reduce 
emissions by 2,200 kton CO2 /yr. by 2020. Compared to figures achieved in recent years, one 
can say that these goals appear ambitious.  
The ‘Energiepact’ program comprises five action clusters. First, the province sets (legal) 
frames, and gives climate policy a clear ambition, prioritizes it over other policy domains, and 
tries to guarantee long-term policy continuation. Second, the province informs its citizens to 
raise their awareness of the desirability of the program’s goals, and opportunities and barriers 
(regional and local) to achieving these goals in practice. Third, the province tries to connect 
(national, regional and local) actors who are able to assist in making a substantial contribution 
to lowering CO2 emissions. Moreover, the province tries to develop ‘strategic alliances’ and 
‘vital coalitions’: clusters or networks of actors who are able to commit and exchange key 
resources that enable the provincial government to achieve its climate policy goals. One such 
example is the bio-energy cluster East Netherlands (‘BEON’), a cluster of bio-energy-related 
industrial pioneer enterprises and knowledge institutes that exchange information very 
frequently. Fourth, the province of Overijssel tries to accelerate CO2 emission reduction by 
launching new projects with subsidies and other supportive policies (disseminating 
information, monitoring, research). Finally, the province of Overijssel regulates economic 
activities that may cause nuisance to the environment. Environmental criteria laid down in 
policies (such as emission levels in permits) are implemented and reinforced. Especially 
where environmental covenanting in industrial sectors is concerned, close collaboration 
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between government, industrial parties and local interest groups is essential if policy goals are 
to be achieved (Bressers et al., 2004).       
3.2. Bio-energy as the major option for reducing CO2 emissions   
The province of Overijssel’s policy program addresses different ways to contribute to the 
achievement of its CO2 emission reduction goals. In 2007 contributions to CO2 emission 
reduction comprised: energy generated from biomass conversion, wind energy, geothermal 
energy, energy generated from waste disposal processes, other sources of renewable energy 
(e.g., solar), co-generation, multi-year covenants with industrial sectors on energy 
conservation, and energy conservation in residential areas. The greatest contributions to CO2 
emission reduction came from energy generated from waste disposal (28%) and multi-year 
covenants with industrial sectors (22%). In 2007 energy generated from biomass conversion 
only contributed 11% to the total mixvi  
However, since 2008 - when a new provincial executive board came into office - bio-energy 
has become the major option for the province to reduce CO2 emissions. Bio-energy should 
contribute a reduction of CO2 emissions of 1140 kton CO2 /yr.vii. Bio-energy is chosen mainly 
because it is perceived as a transition technology and for the reason that it encompasses ‘short 
carbon cycles’viii. Another reason for emphasizing bio-energy concerns the large-scale 
availability of different high-potential biomass sources in the Overijssel region (especially in 
comparison to other regions in the Netherlands). The focus on biomass is also perceived to be 
useful from a regional economic perspective because the province of Overijssel aims to 
transform its regional economy into a so-called ‘bio-based economy’ (LNV, 2007; Asveld et 
al., 2011), where biomass functions as the main resource. Besides using biomass for bio-
energy purposes, it is also used as a key resource for industrial activities (e.g., in the chemical 
and wood processing sectors).       
In the province of Overijssel bio-energy is mostly to be generated by the fermentation of 
manure; either to generate heat or electricity (655 kton CO2 /yr..; 57% share in total bio-
energy production; Provincie Overijssel, 2008). To contribute to the provincial long-term 
economic goal of becoming a regional bio-based economy, Overijssel supports the generation 
of green gas and biofuels, as well as electricity and heat generation from conversion of 
regional biomass, a supply of which is available. Biogas, the energy-output of the manure 
fermentation process, is to be treated, converted and upgraded to green gas, before being 
injected into the (existing) natural gas pipeline infrastructure.  
Due to its size, geography, natural environment and economic structure, Overijssel has a large 
theoretical potential of biomass sources (manure, wood, grass, cane), only a limited amount of 
which is currently processed for energy generation. As a consequence, there is a large 
theoretical potential for harvesting biomass. It should be noted, though, that the use of first 
generation biomass crops is not encouraged by the provincial authority due to the negative 
environmental and economic impacts (Provincie Overijssel, 2008; Asveld et al., 2011).   
3.3. Policy approach  
The province of Overijssel develops biomass options in line with EU and national standards, 
guidelines and legislation (Provincie Overijssel, 2008). It acts in accordance with the EU 
directive on the sustainability of biomass. This means that: (1) the CO2 balance of biomass has 
to be ‘positive’: i.e., as compared to fossil fuels a net CO2 emission reduction has to result 
from the chain of production, harvesting, transport, treatment and processing of biomass; (2) 
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the use of biomass may not compete with biodiversity; and (3) the use of biomass may not 
free carbon which is stored beneath the surface of the earth.  
The province of Overijssel also complies with national legislative standards:  (4) no 
competition or displacement of food crops is allowed (competition with other high value 
biomass applications is also bannedix); (5) no pollution of the environment is allowed as a 
consequence of bio-energy generation; (6) use of biomass should contribute to the local 
economy and place of origin. Finally (7) biomass use may not have a negative impact on local 
communities.  
In addition to all the above conditions, the province of Overijssel formulated its own 
guidelines for bio-energy, concerning the fostering of local, regional and provincial 
production and use of biofuels, chain development, and the development of local and regional 
biomass collection structures (Provincie Overijssel, 2008).  
This is is hardly surprising, as the absence of a well-functioning market chain is considered a 
key problem in the development of a regional bio-energy market in Overijssel. Although there 
are plenty of economic activities on the supply-side of the bio-energy market (collection of 
biomass and its conversion into energy), there is a lack of concrete, local market demand. 
Therefore, the province of Overijssel also tries to support the development of a distribution 
infrastructure and to increase the (permanent) demand for bio-energy products.  
One of the currently fashionable options relates to the establishment of biogas pipelines and 
biogas hubs to facilitate the distribution of biogas produced on farms. Biogas hubs have the 
advantage that they bring together larger volumes of biogas, which reduces the costs of 
upgrading biogas to green gas. Green gas is considered a promising option, because the gas 
can be injected into the well-developed Dutch natural gas infrastructure, so green gas 
production can benefit from the existing gas infrastructure. Moreover, green gas may also 
serve as transport fuel. This alternative option is currently being studied in experimental 
settings.  
In summary, the province of Overijssel’s  aims are to secure: (1) an increase in the regional 
biomass infrastructure and market; (2) production of ‘green gas’ and its injection into the 
natural gas grid; (3) production of second and third generation biofuelsx; and (4) generation of 
renewable (green) electricity and gas. This is important because bio-energy related activities 
account for the majority of the 60% renewable energy contribution to the ‘Energiepact’ 
program emission reduction goal (Provincie Overijssel, 2011d). 
3.4. Policy instruments 
As described in section 3.1, the province of Overijssel plays different roles in governing 
climate policy-related issues within its jurisdiction (and thus policies to support the 
production, distribution and consumption of bio-energy). In order to intervene effectively, the 
provincial authority targets different groups depending on specific circumstances. The 
interventions are clustered into five sets of policy instruments: (1) fostering clusters, networks 
and new modes of collaboration; (2) subsidy schemes; (3) regulation; (4) policy performance 
monitoring; and (5) the provision of information and communication. The different sets of 
instruments are discussed next. 
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3.4.1. Fostering clusters, networks and new modes of collaboration 
The province of Overijssel depends on external parties to achieve its policy ambitions. 
Therefore, the provincial authority aims to encourage those external parties to commit 
themselves to help achieve provincial goals. For instance, the province engages stakeholders 
in developing a long-term vision of what a regional sustainable energy economy might look 
like. Network management is used to initiate pilot projects on bio-energy and to accelerate the 
diffusion of best practice bio-energy initiatives in the region.  
Besides network clustering, the province of Overijssel develops alternative modes of 
collaboration. For instance, the province makes bilateral agreements with municipal boards on 
how to achieve CO2 emission reduction targets. The provincial authority also supports 
innovative research into and development of bio energy related topics, in particular R&D at 
higher education institutes.  
The province of Overijssel also facilitates cross-border collaboration with the German 
Bundesland Nordrhein-Westfalen, German knowledge institutes and German local 
governments. This initiative is part of an existing cross-border regional economic 
collaboration program ‘Euregio’, which is useful in the present context because Germany is 
advanced in green gas technology, and has great potential for the collection and conversion of 
biomass from natural and residual waste streams as a way to produce biofuels and green gas. 
Moreover, many stakeholders in the Overijssel region consider Germany a pioneer in bio-
energy activities.            
3.4.2. Subsidy schemes 
The province of Overijssel supports local initiatives and projects it deems promising by means 
of a substantial financial contributions. Between 2008 and 2011 a subsidy scheme with a 
budget of € 12 mln. was deployed. Entrepreneurs involved with pioneering bio-energy pilot 
projects were able to apply for additional money from the provincial authority.  An example is 
the (co-)financing of a wood biomass collection and distribution project in the region of 
Northeast Twente (with the aim of setting up a regional wood biomass market). Another 
example involves a € 1.8 mln. financial injection from the province into the Twente Heat Grid 
(‘Warmtenet Twente’).  
In Autumn 2011 the province of Overijssel announced that a new €250M renewable energy 
fund would become available in the near future. Besides providing grants and subsidies itself, 
the province also supports regional entrepreneurs to become eligible for grants from national 
government (including the important ‘SDE+’ subsidy scheme).  
3.4.3. Regulation 
Besides environmental permits,xi spatial zoning is considered an elementary pre-condition for 
the successful diffusion of renewable energy options (and bio-energy) in the region. It is not 
only the energy generation plants that are to be taken into account, but also the energy 
infrastructure (e.g., gas grids). Moreover, local bio-energy initiatives often suffer from local 
regulatory and procedural constraints (such as NIMBY problems: stakeholders in the 
neighborhood of future manure digestion facilities fearing nuisance from transport and stench, 
leading them to object to the grant of a permit). To deal with these barriers the provincial 
authority encourages the development of integrated environmental vision documents 
(‘omgevingsvisies’) in which local stakeholders and authorized government bodies agree on 
how to use a site while ensuring that the interests of both local stakeholders and bio- energy 
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entrepreneur(s) are taken into account. Moreover, the provincial authority supports municipal 
civil servants who grant (environmental) permits, showing how they can facilitate 
entrepreneurs and speed up the legal permitting process within the limits of the legal 
framework.       
3.4.4. Monitoring policy performance 
In order to determine whether its policy interventions are effective and whether the short-term 
CO2 emission reduction goals are being met, the province of Overijssel monitors its climate 
policy performance (by means of the Carmon registration system). Besides measuring the 
(estimated) quantity of CO2 emitted, the province monitors new and on-going initiatives. 
From 2008 onwards the province of Overijssel has been mapping all bio-energy related 
initiatives throughout its jurisdiction. This information is made available to the public on-line 
(‘Kansenkaart Overijssel’; Provincie Overijssel, 2011a).   
3.4.5. Information dissemination and communication 
In order to raise awareness and to diffuse best practice knowledge, an important part of the 
province of Overijssel’s policy program concerns the provision of information and 
communication. By sharing information the province seeks to create a platform where 
different stakeholders can meet and learn from each other about ongoing projects and 
initiatives within the regional boundaries. The platform is also useful in providing practical 
(and tacit) knowledge on how practical barriers can be resolved in a pragmatic way. 
Furthermore, the platform serves as a means to diffuse state-of-the-art-knowledge on bio-
energy.  
The ‘Energiepact’ program distinguishes two target groups: (1) inhabitants of Overijssel; and 
(2) businesses, institutes, and government bodies (in majority local governments). In network 
theme-based sessions the actors in the latter group meet, share knowledge and learn from each 
other. Furthermore, the provincial authority hosts a website to spread information. Citizens 
are approached via intermediary actors with whom they are already familiar in order to 
disseminate knowledge using existing communication channels.  
3.5. Current status  
Although many activities are being pursuedxii, goal achievement turns out to be difficult, as 
revealed by monitoring results and the subsequent 2009 and 2011 program updates. For 
instance, according to the 2009 bio-energy subprogram, 20 to 25 to manure (co-)digestion 
facilities should have been either operational or planned by 2011, but this goal was not met. 
Although there were sufficient project initiatives on manure fermentation, few were able to 
continue to operational project status. Many barriers cropped up in practice, lack of 
profitability being considered a crucial factor (Provincie Overijssel, 2011c; see section 4.2 for 
further details). As a result, in 2011 the provincial authority added more policy instruments to 
its ‘Energiepact’ program policy mix. For instance, from now on the province will focus more 
on: use of biomass from landscape and nature management (wood and grass); second 
generation biofuels; and lay further emphasis on green gas initiatives (Provincie Overijssel, 
2011d).   
Although this picture appears troublesome at first sight, the province also achieved successes 
in terms of new facilities being planned or becoming operational. For instance, in 2010 the 
province and the BEON network realized (inter alia): the world’s first large-scale pyrolysis 
facility (BTG-BTL, in Hengelo); a waste digestion facility (ROVA, in Zwolle); a large-scale 
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bio-ethanol facility (in Hardenberg); farm-scale and industrial mono-digesters; and a 
torrefaction facility (Steenwijkerland; Provincie Overijssel, 2011c).   
In conclusion, the province of Overijssel uses a wide array of the competencies available to it 
to facilitate the further development and diffusion of bio-energy practices. The provincial 
authority invests significant financial resources to support bio-energy initiatives and acts as a 
powerful facilitator of networks in which key regional stakeholders operate. All provincial 
efforts are very much needed since the bio-energy challenge in the region is still substantial 
and requires a multi-facetted approach. The broad set of policy instruments within the bio-
energy subprogram, and the 2009 and 2011 program updates serve as evidence in this regard.   
 
 
4. Bio-energy challenge 1: Increasing bio-energy production 
 
As indicated in section 2, the region is quite green and has a rich natural environment. Apart 
from the many farms there are quite a number of public and private nature parks and estates, 
so it is little wonder that biomass is the dominant focus in developing renewable energy 
resources in the region. This section analyzes the governance challenge of enhancing the 
renewable energy production potential of the region in general and that of biomass in 
particular. The section focuses on two entrance points for governance: 1) increasing of bio-
energy production and 2) supporting new, promising technological options with medium-term 
production potential. Both entrance points are analyzed in separate sections. 
 
4.1 Increasing bio-energy production in the short term 
As shown in section 3, the region has considerable ambitions for renewable energy and 
considers biomass conversion the most promising route. Thus far the share of renewables in 
the energy mix of the region is quite modest. In 2011, 3.3 % of the regional energy 
consumption was covered by renewable resources. 
 
Figure 2 shows the production of renewable energy in Overijssel, subdivided into different 
sources. Waste incineration and bio-energy conversion occupy the largest share of renewable 
energy production in the region. Waste incineration is concentrated at a large incineration 
facility in the region, called Twence. This processes the waste of 14 municipalities in the 
region and also runs bio-energy plants. In other words, both options are quite concentrated in 
one relatively big company. In 2010 Twence produced about 530 GWh electricity from waste 
incineration and biomass conversion. Apart from electricity, the company also produces heat, 
which is supplied to a nearby process industry and an industrial park. The figure shows that 
Twence is an outlier in the general picture of renewable energy production. Excluding 
Twence, the production of renewable energy would be rather low, basically coming from 
wood incineration, co-digestion of manure and some wind energy.  
 
The Overijssel region hosts only one wind park. The natural conditions for wind are not 
optimal in the inland region, but nor are the provincial authorities in favor of wind energy. 
Heat and cold storage is also rather concentrated in the region, whereas solar and hydro 
energy sources are few. Some river turbines are operational, but their production is minimal 
(only 6 TJ/year). Photovoltaic energy (PV) is barely supported in the Netherlands since this 
option is still considered too expensive.    
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Figure 2: Production of renewable energy in Overijssel subdivided by sources (Provincie 
Overijssel (2011b). 
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All in all, a renewables share of about 3 % of the overall energy consumption in the region is 
not an impressive number, which is why the region wants to increase the share of renewables. 
What are promising short term options in the region? We address this question from two 
perspectives: 1) the availability of biomass; and 2) the financial attractiveness to the producer. 
 
An important biomass feedstock in the region is animal manure. Agriculture is quite a 
prominent activity, especially dairy, pork and beef production. The manure of all the animals 
is causing problems in the Netherlands, which is why manure processing is strictly regulated. 
Table 1 provides an overview of the region’s animal manure production in 2009.  
 
Fermentation is considered one of the options for processing the huge volumes of animal 
manure in the region. Fermentation installations are operational (or their installation is 
planned) at 35 sites. Based on the excess supply of manure, the number of installations is 
expected to increase significantly. Assuming that the available manure will be converted to 
biogas, the theoretical potential is estimated at 2756 m3 of raw biogas. This volume could 
cover 6.6 PJxiii of the region’s energy needs. Total energy demand in the Overijssel region is 
125 PJ (which is about 4% of the total energy demand in the Netherlands). So based on 
manure production only, there is still quite some potential for bio-energy production in the 
region. But besides manure, there are other biomass streams that could be converted into 
energy. The unused biomass potential of the region is estimated at about 200,000 GJ/yr. 
Potentials gains can be achieved in harvesting more wood and grass (Borgman Beheer et al., 
2011). 
 
Large parts of the biomass potential are distributed throughout the landscape, so making this 
distributed volume economically accessible for conversion is still a huge challenge. As 
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indicated in section 2, a considerable area in the region is landscape, nature park or 
agricultural domain.   
 
Table 1: Animal manure production in Overijssel in 2009 (CBS, 2011). 
 
 
Animal source Amount (wet) (MT/yr) 
 
Cattle 
 
9.1 
Pig 1.7 
Poultry 0.1 
Other 0.2 
Total 11.2 
 
Moreover, the landscape is covered by many small rivers and ditches with rich biomass 
borders. The biomass harvesting potential of all these spaces is substantial, but at the same 
time it is extremely difficult to collect the distributed biomass potential. Lack of feasible and 
economically attractive accessibility options is the major reason why quite some biomass 
cannot be used for energy production. Technology that can access distributed biomass for 
harvesting is currently under development (see section 4.2).  So the biomass potential in the 
region is quite good and harvesting this potential could substantially increase the share of bio-
energy in the region.  
 
4.2. Financial attractiveness for producers 
One of the core problems of bio-energy production in the Netherlands concerns uncertainties 
about the financial support that potential producer encounter. As in other European countries, 
a Dutch producer can get financial compensation  for the non-competitive part of the 
production costs of renewable electricity or gas (by means of feed-in tariffs, subsidy 
schemes), but this is quite difficult to get and the compensation is relatively poor. This makes 
it hard to find the necessary investment money. Almost all Dutch banks consider the financial 
risk too high. Moreover, it takes quite an effort to establish a bio-energy production site due to 
bureaucratic and administrative procedures.  
 
In combination with modest financial prospects, a potential producer might decide not to 
invest in the effort to establish a bio-energy installation. This might hold in particular for 
farmers who could convert manure into biogas. For farmers the production of bio-energy is 
not part of their core business, it should be financially attractive and readily feasible, in 
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combination with the core activity of producing agricultural products. The current conditions 
for setting up and running a farm-scale fermentation installation are far from ideal. In 
particular, the financial prospects for new projects are uncertain due to the strict subsidy 
policy of the Dutch government.  
 
Production of biogas is supported with public money, but getting access to the subsidy 
(currently ‘SDE+’) is difficult due to budget restrictions and excess demand on the annual 
budget. The overall available budget far from suffices to cover the initiatives in sustainable 
energy production in the Netherlands. A related problem which adds to investor uncertainty 
are the latest changes in the subsidy rules. The current right-wing government coalition has 
introduced a layered subsidy scheme which prioritizes the cheapest projects. Projects closest 
to market commercialization get priority. In this way the restricted budget can facilitate as 
much renewable energy production as possible. For the investor the new subsidy scheme 
might give more uncertainty and higher costs, since it becomes increasingly difficult to 
predict whether an effort to develop a new renewable energy project would be eligible for 
subsidy. The subsidy is still necessary if the business case is to be feasible.  
 
The new SDE+ subsidy scheme is challenging for farmers in particular, since their financial 
room for maneuver is restricted in any case. Agricultural production has become a risky 
business in the Netherlands due to highly volatile international markets and strict regulations. 
There are fewer farmers every year, while the average size of the farms that continue is 
increasing (De Bont et al., 2011). The scale of Dutch farms in general and of the farms in the 
Overijssel region in particular is increasing steadily. Agricultural production has become very 
capital intensive, making it a risky business due to uncertain sale prospects. As a 
consequence, farmers cannot afford large, additional investments - such as fermentation 
installations - without certain and viable perceived financial prospects. At the same time, it is 
estimated that the financial gains of peripheral agricultural activities compared to the core 
business will be limited in the coming years (De Bont et al., 2011). All in all, the financial 
prospects of bio-energy production in the region are not promising.  
 
4.3. Bio-energy technology potential in the region 
Bio-energy is the major renewable energy focus in the region and this was one of the reasons 
for initiating a collaborative bio-energy project between the province and the University of 
Twente. Financed by the province, the university is developing and experimenting with 
promising new bio-energy technological options for the region. The key idea behind the 
collaborative project was to extend the range of technologies for biomass conversion in the 
region. The project focuses on four alternative thermochemical biomass conversion routes: 
fast pyrolysis, phosphorus extraction from pig manure, mobile torrefaction, and algae 
conversion. The phase of development of these technologies differs, but all four add to the 
current conversion routes for biomass in the region. Of course the technology will not and 
should not remain restricted to the region, but the idea is that the four technologies should add 
to the region’s bio-energy potential in particular. Let us now take a closer look at each of the 
technologies and their bio-energy potential. 
 
4.3.1. Fast pyrolysis 
Fast pyrolysis of biomass converts solid biomass under low temperature and pressure 
conditions (450-550 0C, 1 bar) into bio oil (75 weight percent), gas (13 weight percent) and 
char (12 weight percent).xiv Conversion of solid biomass into oil is quite efficient (only 15% 
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energy loss) and it intensifies the energy concentration substantially, which is a huge benefit 
when transport is needed. Pyrolysis significantly reduces the biomass volume in favor of an 
increase of the energy content. An additional significant advantage is the injection of the 
pyrolysis oil into the current oil infrastructure. This is considered a huge advantage and is the 
key promise of the pyrolysis conversion route. This would imply that the quality of the bio oil 
should be similar to the oil currently in the system, but this is not yet the case and is one of the 
key elements of current R&D. The R&D challenges are the removal of high solids content, 
reduction of acidity, and overcoming viscosity, the heat content (which is still too low), and 
poor stability. One way of ameliorating these problems to use catalysts in the pyrolysis 
process, and this is currently the subject of experiments and tests at the University of Twente. 
Part of the cooperative project between the Province and the university is the exploration of 
the potential of the pyrolysis conversion route for the region. Pyrolysis conversion could 
develop into large-scale production plants in the region, which could result in substantive 
volumes of bio oil. The region could benefit from new industrial activities such as the 
production and installation of pyrolysis plants. If the technology starts to mature and becomes 
available to integrate in the current oil infrastructure, then it might become an important 
export product for the region. But it is questionable whether pyrolysis oil production could 
develop into a productive industry for the region, since the large-scale production of pyrolysis 
oil might lead to the large-scale import of biomass from other continents. If this were the case, 
then it would be more efficient to develop pyrolysis plants at locations near harbors. One such 
candidate location is the harbor of Delfzijl in the north of the country. 
 
4.3.2. Mobile torrefaction 
Torrefaction (roasting) of biomass is comparable to pyrolysis but the process takes place at 
lower temperatures and the end product is solid rather than liquid as in the case of pyrolysis. 
Torrefaction technology is proven technology and is in use in different locations in the 
Netherlands. The current application is large scale and the torrefacted end product is co-fired 
coal- or gas fueled power plants for electricity production. The advantage of torrefaction is 
that it reduces biomass volume and concentrates the energy density of the product. The end 
product is quite often called green coal or bio coal, since the product is like coal, black and 
quite unsusceptible to moisture and natural degradation.  
 
An additional advantage for the region of Overijssel could be that torrefaction technology 
would help access distributed biomass in the region which is difficult to access. There is quite 
a lot of biomass potential distributed through the region, which could be harvested, given an 
economically feasible way to do so. Mobile torrefaction could be one of the technologies to 
access the distributed biomass and process it locally to make it easier to transport the biomass 
as green coal to locations were it could be used. There is as yet no mobile torrefaction 
technology, and the University of Twente is currently designing and experimenting with it. 
The design requirements are currently being discussed with different stakeholders, two issues 
being its small scale and the robustness of the technology. One of the challenges of the project 
is to explore the promise that mobile torrefaction could provide economically feasible access 
to distributed biomass which is currently not harvested. 
 
4.3.3. Phosphate extraction from pig manure 
A third technological route developed in the project aims at phosphate extraction from pig 
manure. Pig manure is a substantial problem in the region. Pig farms are producing huge 
volumes of manure, without enough land to spread it on. The manure has become a significant 
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part of the farmers’ production costs, because they have to pay for its disposal. Most of the 
manure is transported to agricultural regions in the north and south of the country, which need 
manure for to grow crops. The costs of this alternative are relatively high, because of the large 
moisture volumes involved (95%). Digestion of pig manure is not an effective alternative 
because pig manure is difficult to digest into biogas due to contaminants in the manure. 
Phosphorus extraction could be a promising alternative since it would provide phosphorus in 
the region, which otherwise needs to be imported, and it would bring financial gains to the pig 
farmers who sell the phosphorus. There is no substitute for phosphate and the world depends 
on phosphate reserves located in various regions of the earth. However, the world’s phosphate 
reserve is decreasing rapidly and discovering ways to extract phosphate would ameliorate this 
reserve problem. The constant availability of phosphate is an absolute necessity for 
agricultural activities. A rough calculation has shown that the phosphorus potential for pig 
manure in the region is about 1,300-3,000 ktons/year and at the current world market price 
this would involve a financial gain of about 4.000.000 euro/year. The technological challenge, 
however, is to develop a process that can result in pure phosphate with similar qualities to the 
currently mined phosphate. The university is currently developing this alternative with the 
help of pyrolysis reactors as conversion technology. 
 
4.3.4. Integrated algae biorefinery concept 
A forth technological route being explored at the university is the conversion of algae into oil 
and protein. Algae are considered promising as biomass for several reasons. The have a high 
photosynthetic efficiency, which gives a relatively high yield per hectare (approximately 
40t/ha./yr.), they can grow in aquatic media and require no arable land; algae absorb CO2 and 
nutrients from waste water; and algae can produce valuable by-products, including food and 
feedstock ingredients.  So the region has quite a substantial potential to produce and use algae. 
The yield per hectare is relatively large, which is important in a region were land a scarce. 
Besides being an energy feedstock, algae contain valuable substances. Production of these 
substances could initiate spin-offs and new economic activities in the region.  
 
So in both the short and longer term, biomass feedstock availability and technological 
prospects for bio-energy production and application are quite good in the region. The 
bottleneck seems to be project finance and the development of commercially feasible business 
plans in the short term.    
 
 
5. Bio-energy challenge 2: Energy consumption 
 
This section analyzes energy demand and consumption patterns in Overijssel in two core 
sectors: households and industrial services. The energy consumption in these core sectors can 
be represented in terms of CO2 equivalent emissions, thereby combining electricity, gas and 
fuels used directly for energy services in these sectors. Households form about 29% of the 
total CO2 emissions in Overijssel. The industrial energy demand contributes 43 % of CO2 
emissions, and services 20% (Voogd, et al., 2008).  The key question to be addressed in this 
section is: How accessible is energy demand for bio-energy?  
 
For the success or failure of biomass technologies, the demand for energy is a key factor in 
defining the demand for biomass. It is crucial to bear in mind that the market for the different 
biomass conversion technologies is not shaped by the energy demand in terms of volumes of 
energy (in PJ for example), but by the energy carriers that convey the energy to the users, 
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volumes, and related costs. Energy carriers are, for example, electricity, fuels (solid, liquid 
and gas) and hot water, which can be transported to provide heat. As indicated above, biomass 
energy conversion technologies each have their own outputs in terms of energy carriers, and 
the potential to design systems to meet the demands for energy set by the market is therefore 
key to the demand for these technologies. 
 
Below, the energy demands of the sectors ‘households’ and ‘industry and services’ and their 
specific characteristics are discussed in reference to Overijssel. The energy demands are then 
discussed in order to provide insights into implications for different biomass conversion 
technologies. 
 
5.1. Households  
Energy demands in households in the Netherlands, including Overijssel, are typically met by 
only two energy carriers: natural gas and electricity. The use of natural gas is typically limited 
to space heating, water heating and cooking, The provision of heat through pipelines is not 
common practice, and supplies only a small part of the heat demand. An overall trend in the 
demand for energy carriers in households in the Netherlands is that the consumption of 
natural gas remains behind the consumption of electricity. This is caused on the one hand by 
reduced demand for heating as technologies such as insulation, heat pumps and hot water 
collectors are increasingly being used following the increasingly stringent national energy 
efficiency requirements for new buildings. On the other hand, electricity demand is increasing 
not only due to use of consumer appliances, but also for the operation of energy efficiency 
related technologies such as pumping.  
 
Moving to Overijssel’s specific demand for energy in the household sector, it can be noted 
that, despite the dispersed settlement of about half of the population in villages and 
settlements, there are several projects where heat is provided to households from industrial 
locations through (hot water) pipeline infrastructure. Greater demands for heat in the rural 
areas can be found in community facilities such as swimming pools and sports facilities, as 
well as in a small number of processing enterprises based in industrial locations outside the 
urban areas.  
 
In terms of the demand for biomass conversion technologies from the household sector, this 
implies that options that make use of existing gas and electricity infrastructure and appliances 
are the most straightforward. Combined heat and power generation fueled by biogas could be 
an attractive option for the residential areas in both the urban and rural centers, where the heat 
is used on the biogas production site and the electricity is fed into the grid. A second option 
could be upgrading the biogas to green gas and its injection into the natural gas grid (see also 
below).  
 
For biomass that is converted into biogas and inserted into the national gas pipelines, or into 
electricity, the demand follows the total energy consumption patterns for gas and electricity, 
irrespective of location or sector of demand. All biomass conversion technologies produce 
energy carriers which could be converted into electricity. As it makes no difference to 
electricity consumers whether electricity is produced from biomass or from other resources, 
the price of conversion is the main factor influencing the demand for electricity from the 
various biomass conversion routes. For the demand, the financial considerations of consumers 
are not only defined by costs of conversion, however, but rather by a comparison of costs with 
alternatives. Biomass conversion technologies producing electricity at small scales typically 
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provide a stand-alone alternative to purchasing electricity from the grid. The price 
competition here is therefore with the purchase price from the grid rather than with the 
production costs of alternatives. The market for small-scale production of electricity could be 
further increased if sales, for instance to neighbors, were to be allowed at market prices at 
consumption level rather than production level.   
 
5.2. Industry and services  
Industry in Overijssel, the second sector, was responsible for approximately 45%  of the 
overall energy consumption of 125 PJ in Overijssel (in 2005). About one third of this 
industrial energy was consumed by a small number of large companies in the sectors chemical 
processing (Akzo Nobel), food and beverages production (Grolsch), and oil conversion 
(Wavin, Vredenstein).xv Akzo Nobel is the largest consumer with 7.6 PJ emitting 426 kton of 
CO2. The company mines salt by injecting water under the ground; drying the salt requires 
quite a lot of energy. Akzo operates its own 80MW combined heat and power installation. 
The larger part of the industrial activities in Overijssel is concentrated in SME types of 
companies operating in the construction industry and commercial and non-commercial 
services. Energy consumption in these sectors is relatively simple and is restricted to 
electricity for lighting, machinery and appliances and space heating.  
 
As in the residential sector, heating and electricity in industry and services are therefore open 
for bio-energy. The challenges are quite similar: making cost-effective connections between 
the distributed production locations and the distributed industrial load. The natural gas and the 
electricity grid are the most realistic means of transporting the bio-energy in this respect. 
However, industry also considers direct biomass incineration as an option for space heating. 
Space heating at some 35 industrial sites in Overijssel is by direct, on-site wood incineration 
(Provincie Overijssel, 2011a).   
 
But biogas could be an interesting option for industry and services, too. Raw biogas, the 
product of manure (co-) digestion, can be used directly for the production of heat and 
electricity in a combined heat and power installation or it can be upgraded to natural gas 
quality and injected into the existing natural gas grid. The upgrading of biogas to natural gas 
quality is a promising option in the Netherlands since the country has the highest gas 
connectivity per inhabitant in the world and thus a very well developed natural gas grid. 
However, there are still substantial financial barriers in this promising consumer segment of 
the biogas market. Upgrading the biogas is still quite expensive and developing a suitable 
scale for upgrading implies constructing biogas pipelines in the countryside from the 
distributed production sites to concentrated hubs where the biogas is upgraded and injected in 
the natural gas grid. There is as yet no green gas hub in the Netherlands, but pilot schemes are 
in preparation at a few locations in the country, including Overijssel. These projects face 
numerous problems because it turns out that the investments are too expensive for groups of 
biogas producers to consider the establishment of a green gas hub.   
 
An alternative for industrial bio-energy consumption could be pyrolysis oil. As indicated 
above, pyrolysis of biomass concentrates the energy content and reduces the volume of the 
biomass and, more importantly, allows the oil to be injected into the current oil infrastructure. 
That this is not yet reality is due to the technical challenges of stabilizing the quality of the 
pyrolysis oil.  A dual route to increasing market demand is envisaged, where both the quality 
of the oil is modified to become more versatile for a variety of engines, and, with increasing 
availability of pyrolysis oil, engines modified for a given quality of the pyrolysis oil. 
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However, it might take a decade or more to implement both routes. To date, the market for 
pyrolysis oil is still confined to heavy engines, but it could cover other types of engines in the 
near future. One of the promising applications of the pyrolysis oil could be agricultural 
machinery, which is now predominantly diesel fueled. Pyrolysis oil could be a serious 
alternative since this would limit the modifications needed for the diesel engines.  
 
The demand for energy is a key factor in the success or failure of biomass technologies. It is 
crucial to bear in mind that the market for the different biomass conversion technologies is not 
shaped by the type of energy demand only, but by the energy carriers that convey the energy 
to the users, volumes, and related costs. The characteristics of the market for the different 
forms of energy therefore largely shape the demand for the different energy supply 
technologies. 
 
 
6. Conclusion 
 
In this paper we have concentrated on renewable energy challenges at the provincial level. 
Our point of departure was the increasing significance of the subnational governance layer in 
increasing the supply of renewable energy in the Netherlands, but also elsewhere in Europe. 
The paper has analyzed the case of the province of Overijssel, one of the twelve Dutch 
provinces, located in the Eastern part of the country. The area is quite green with a few urban 
islands, where more than half of the provincial population of 1.3 million inhabitants is 
concentrated. The conditions for bio-energy are very good and bio-energy is therefore the 
preferred renewable energy option of the province.   
 
The paper addressed and answered two questions: 
1 What is the bio-energy ambition and governance approach in Overijssel? 
2 What are the bio-energy governance challenges in Overijssel? 
 
We have shown that the province has a clearly formulated renewable energy ambition of a 20 
% share of renewables in the provincial energy portfolio. This is quite challenging since the 
share of renewables is still quite modest. However, the provincial government is investing a 
lot of effort in increasing the share of renewables, efforts which are guided by clear policy 
programs, of which the so-called Energy Pact is the most important. Energy Pact is the 
province’s organizing program for renewable energy increase and CO2 reduction across all 
sectors of the economy. We have concentrated on the renewable energy part of the program 
and shown that the province predominantly facilitates new projects and technology 
development by financial support and networking. The funds available to the province are 
substantial due to the recent sale of shares in the former public utility. However, despite clear 
provincial ambitions and policy programs, the paper subsequently analyzed the challenges the 
province faces achieving its renewable energy ambition.   
On the production side there are two major challenges: short-term increase in new production 
sites and longer-term increase in technological conversion options. Volatile national financial 
support for renewable energy production turned out to be a serious barrier to new project 
development in Overijssel, but the problem is beyond the control of the subnational 
government. The problem is manifested at the provincial level by a lack of willingness to 
invest in new production capacity, due to the uncertain investment environment. Although the 
bio-energy prospects of Overijssel are rather good, investors are not willing to initiate new 
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projects due to uncertain financial support for production, which is needed to compensate for 
the non-competitive part of the production costs of electricity and gas.  
 
Support for the widening technological options for bio-energy conversion is in the control of 
the provincial government and the paper shows that provincial support in this area is 
substantial. The province supports university-based R&D in pyrolysis, mobile torrefaction, 
phosphate extraction from pig manure, and algae conversion, all promising technological 
options for increasing bio-energy potential in Overijssel.   
 
Finally, the paper also analyzed the challenges at the bio-energy consumption sitesbio-energy. 
The analysis revealed that both the residential and the industrial/service segment of the 
consumer market are theoretically quite accessible to bio-energy. However, in reality there are 
still serious barriers to increasing bio-based energy consumption in the area. Part of the 
problem is the geography of the region, which consists of extensive rural areas with 
distributed bio-energy production potential at too great a distance from the concentrated 
potential bio-energy load centers. In the short term, electricity produced at distributed sites in 
the area is the only serious option for increasing the bio-based energy consumption in the 
region. The option of green gas (upgraded biogas) is currently being explored, but the costs of 
transporting the biogas to concentrated locations for upgrading and injection into the natural 
gas grid are still substantial and too high for individual or small groups of private investors. 
However, the provincial authorities are very ambitious and continue to push bio-energy as 
much as possible. Widening the range of bio-based energy production and consumption 
options might boost renewables in the region, in addition to continuing the development of 
new production and consumption projects in the short term.  
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i In this process they were actively stimulated by national government with intergovernmental programs to support policy 
making at subnational governmental level (Arentsen, 2008; Hoppe and Coenen, 2011). 
ii In its economic policy strategy the province of Overijssel combines ‘green’ and ‘high tech’. Both are considered of great 
importance to regional economic development and are therefore perceived as vital to future economic performance.  
iii Image from http://nl.wikipedia.org/wiki/Bestand:Provincie_Overijssel.gif. Retrieved on 5 October 2011. 
iv The program on speeding up bio-energy installations was formulated in 2009 (‘Plan van aanpak Versnelling bio-energie-
installaties). In 2011, a renewed program on bio-energy (‘Deelprogramma Bio-energie 2011) was launched, an update of the 
original 2008 bio-energy plan within the ‘Energiepact Overijssel’ program (Provincie Overijssel, 2011c).  
v In the original 2008 program the 30% reduction was to be achieved in 2020. However, following a resolution by Kolkman-
Kerkdijk in 2009, goal achievement was re-set to be achieved as early as 2017 (Provincie Overijssel, 2011d). This, once 
again, reveals the province’s high ambition as compared to national standards. 
vi Although waste disposal arguably also contains biomass sources such as green goods waste, it is not classified as proper 
biomass according to Dutch legislation on waste.        
vii Other substantial reductions will be achieved by energy conservation on business sites (490 kton CO2 eq./yr) and 
residential sites (330 kton CO2 eq./yr). Other renewable energy sources will only contribute to a minor extent (wind: 60 kton 
CO2 eq./yr, solar: 30 kton CO2 eq./yr, geothermal: 70 kton CO2 eq./yr). 
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viii CO2 emitted by combustion of fossil fuels is absorbed quickly by growing plants which can be used as biofuels or other 
biomass sources useful for energy conversion. 
ix This complies with one of the core assumptions in ‘bio-based economies’: use of biomass at the highest possible value 
alternative. In the Netherlands this applies to a nation-wide sustainability criterion applying the ‘exergy’ principle to a 
preference-order on the use biomass (the so-called ‘Ladder van Lansink’): (1) high-value products, (2) food products, (3) 
biofuels, (4) combined heat and power generation, (5) electricity generation, (6) heating (i.e., wood stoves for heating local 
swimming pools), (7) manure substance or fertilizer (for improvement of soil fertility), (8) combustion. 
x As compared to first generation biofuels, second and third generation biofuels meet stricter sustainability criterions. 
xi Besides ‘short cycle’ CO2 emissions, biomass energy combustion leads to NOx, SO2 and fine dust emissions. In the 
Netherlands emissions of harmful substances from electricity and heat generation are regulated in the Environmental Act 
(‘Wet Milieubeheer’). The Act does not distinguish fossil from sustainable (biomass) sources. As a consequence there is also 
no separation between the regulatory emissions regime between fossil-fuel based energy generation installations and 
installations that use biomass as the main source to produce energy. Hence, strict criteria are used if one wants to apply for a 
biomass heating or cogeneration installation. Depending on the size of the installation the Province of Overijssel is the legal 
authority that determines the demands that go with the environmental permit which has to be granted if a bio-energy 
installation is to be used. Not surprisingly, an entrepreneur who wants to invest in a bio-energy installation has to incur many 
costs if he is to comply with the regulatory demands. As a consequence, getting the environmental permit granted is a costly 
experience (ca. € 300,000.-). Furthermore, experience teaches that installations (especially when manure fermentation is 
involved) attract criticism from people and firms who have property near the site, and who start legal procedures to prevent 
the environmental permit being granted.  
xii For instance, by 2011 the following activities were carried out: the ‘Kansenkaart’ was set up, planning arrangements were 
made for future incorporation of biomass digestion facilities, additional financial support for manure digestion facilities, set-
up of a digital toolkit for permit granting, a lobby for the national government subsidy scheme SDE+, and setting up a service 
team (Provincie Overijssel, 2011c).   
xiii Assuming a caloric value of 24MJ per m3 biogas. 
xiv The data used to describe the technologies are taken from project presentations (Brilman, 2011; Kootstra, 2011; Owczarek 
et al., 2011; Xu et al., 2011). 
xv Based on energy data from 2003 in the provincial document ”Energiekansen overzicht in de provincie Overijssel”, 
published in 2008 (Voogd et al., 2008). 
 
 
 
 
